Sertoli cells undergo terminal differentiation at puberty to support all phases of germ cell development, which occurs in the mouse beginning in the second week of life. By w18 days postpartum (dpp), nearly all Sertoli cells have ceased proliferation. This terminal differentiation is accompanied by the development of unique and regionally concentrated filamentous actin (F-actin) structures at the basal and apical aspects of the seminiferous epithelium, and this reorganization is likely to involve the action of actin-binding proteins. Palladin (PALLD) is a widely expressed F-actin-binding and bundling protein recently shown to regulate these structures, yet it is predominantly nuclear in Sertoli cells at puberty. We found that PALLD localized within nuclei of primary Sertoli cells grown in serumfree media but relocalized to the cytoplasm upon serum stimulation. We utilized this system with in vivo relevance to Sertoli cell development to investigate mechanisms regulating nuclear localization of this F-actin-binding protein. Our results indicate that PALLD can be shuttled from the nucleus to the cytoplasm, and that this relocalization occurred following depolymerization of the F-actin cytoskeleton in response to cAMP signaling. Nuclear localization was reduced in Hpg-mutant testes, suggesting the involvement of gonadotropin signaling. We found that PALLD nuclear localization was unaffected in testis tissues from LH receptor and androgen receptor-mutant mice. However, PALLD nuclear localization was reduced in the testes of FSH receptor-mutant mice, suggesting that FSH signaling during Sertoli cell maturation regulates this subcellular localization.
Introduction
Sertoli cells reside within the seminiferous epithelium and play critical roles in germ cell development. These include support of the spermatogonial stem cell niche, maintenance of the blood-testis barrier (BTB), remodeling of spermatid nuclei, reduction of spermatid cytoplasm, and release of spermatids into the tubular lumen. During the second week of life in the mouse, Sertoli cells respond to hormones including follicle-stimulating hormone (FSH), testosterone, and thyroid hormone to mature into an adult appearance (Walker 2003 , Walker & Cheng 2005 . In particular, they stop dividing, become polarized, and span the epithelium to support all phases of germ cell development. These dramatic changes in the Sertoli cell cytoskeleton accompany terminal differentiation, with regional concentrations of filamentous actin (F-actin) at dynamic structures termed the basal and apical ectoplasmic specializations (ESs) respectively (shown in Supplementary Figure S1 , see section on supplementary data given at the end of this article, thoroughly reviewed in Vogl et al. (2008) and Lie et al. (2010) ). The basal ES is a homotypic tight junction between adjacent the Sertoli cells forming the BTB that partitions the seminiferous epithelium into two distinct compartments, the basal and adluminal, and it must restructure during stages VIII-IX to allow for the translocation of preleptotene spermatocytes into the adluminal compartment to enter meiosis (Russell 1977) . By contrast, the apical ES is a heterotypic adherens junction between Sertoli cells and associated elongating and condensing spermatids, and serves to anchor the spermatid until spermiation (Ross 1976 , Romrell & Ross 1979 .
After many years of controversy, it is now accepted that the nucleus contains abundant G-actin, although F-actin has not been detected (Gettemans et al. 2005 , Pederson 2008 , Zheng et al. 2009 , Visa & Percipalle 2010 , de Lanerolle & Serebryannyy 2011 , Oma & Harata 2011 . However, a number of F-actin-binding proteins are found in nuclei. Although their exact function(s) remain unclear, proposed roles include regulation of mRNA processing and transport, chromatin structure, and transcription (Ozanne et al. 2000 , Loy et al. 2003 , Archer et al. 2005 , Prante et al. 2008 , Zheng et al. 2009 ).
The Palladin (PALLD) gene encodes a highly conserved F-actin-bundling protein that is both widely expressed and essential for development (Parast & Otey 2000 , Luo et al. 2005 ). We previously showed that PALLD relocates from the cytoplasm to nuclei of Sertoli cells as they undergo terminal differentiation (Niedenberger et al. 2013) . This predominant nuclear localization was also indicated in a report published at the same time (see Fig. 1D in Qian et al. (2013) ). In that study, the role of PALLD in Sertoli cells was assessed by siRNA-mediated knockdown (KD) in vitro. The most obvious phenotype following PALLD KD in vitro was a loss of organization of the F-actin cytoskeleton, with multiple short fragments scattered throughout the cytosol (Qian et al. 2013) . In vivo treatment with adjudin, a specific disrupter of anchoring junctions in the apical ES causing infertility (Cheng et al. 2001 , Mok et al. 2011 , resulted in loss of PALLD signal at the apical ES by 48 h (Qian et al. 2013) .
In this study, we utilized primary Sertoli cells in culture as a model to investigate the mechanisms regulating PALLD nuclear localization that occurs as Sertoli cells mature during puberty. In serum-free culture, PALLD remained nuclear, but the addition of serum resulted in a dramatic relocation to the cytoplasm. We found that PALLD nuclear localization is regulated by increased cAMP levels through Rho signaling and responds to the modulation of the G:F-actin ratios. We also found that localization is modified in vivo by perturbation of gonadotropin signaling. Taken together, these results provide a functional link between hormonal signaling and localization of a critical actin-bundling protein that regulates cytoskeletal dynamics in a wide variety of tissues and cell types. In addition, this provides the first example we are aware of where localization of an F-actin binding protein is determined by changes in polymerization of the actin cytoskeleton.
Materials and methods

Primary Sertoli cell culture
The Institutional Animal Care and Use Committee at East Carolina University approved all procedures involving mice (AUP# A178). CD1 mice were killed at 10 and 18 days postpartum (dpp) and Sertoli cells isolated essentially as previously described (Anway et al. 2003) , without hypotonic shock treatment. After 2 days in culture, Sertoli cells represented R95% of adherent junctions of cells. The cells were cultured up to 4 days on coverslips in 50:50 DMEM:Ham's F-12 (CellgroMediatech, Manassas, VA, USA) with or without 10% FBS (ATCC, Manassas, VA, USA)-containing 1! penicillin-streptomycin at 33 8C in 95% air with 5% CO 2 . The primary cell cultures were treated with the following compounds at least twice with the following (final concentration): 10 mM cytochalasin D (A2618, Sigma-Aldrich), 2.5 mM latrunculin B (L5288, Sigma-Aldrich), 100 mM 8-bromo-cAMP (1140, Tocris Bioscience, Bristol, UK), 10 mM forskolin (BML-CN100, Enzo Biochem, New York, NY, USA), 1 mg/ml C3 transferase (CT104, Cytoskeleton, Inc., Denver, CO, USA), 50 nM leptomycin B (L2913, Sigma-Aldrich), and 0.1 U/ml FSH (F2293, Sigma-Aldrich).
Indirect immunofluorescence on coverslips
The cells grown on coverslips were fixed for 1 h in 4% PFA. Blocking and antibody dilutions were carried out in PBSC0.1% Triton X-100-containing 3% BSA, pH 7.3. C-terminal anti-PALLD (1:200, ProteinTech Group, Inc., Chicago, IL, USA) or N-terminal PALLD (1:1000, Rachlin & Otey 2006 ) was added and incubated overnight at 4 8C. Alexa Fluor-488 anti-rabbit IgG (1:500, Life Technologies) was added with Alexa Fluor-594 phalloidin (1:1000, Life Technologies) for 1 h at room temperature. The coverslips were mounted with Vectastain-containing DAPI (Vector Laboratories, Burlingame, CA, USA) and images acquired using a Nikon E600 fluorescence microscope with an Orca II CCD camera (Hamamatsu Corp., Middlesex, NJ, USA) or a Fluoview FV1000 confocal laser scanning microscope (Olympus America). DAPI staining was used to visually determine the position of nuclei and PALLD localization. If PALLD staining was of greater intensity within the area stained by DAPI than outside, PALLD localization was determined to be nuclear. If PALLD staining was of lesser or similar intensity within the area stained by DAPI than outside, PALLD localization was determined to be cytoplasmic. For each treatment, when PALLD nuclear localization was determined, it was observed in O85% of Sertoli cells.
Indirect immunofluorescence on frozen sections
The frozen sections were prepared as described previously (Niedenberger et al. 2013 ) from mouse testes. PBSC0.1% Triton X-100 containing 3% BSA of pH 7.3 was used for both blocking and antibody dilution. After blocking for 1 h, N-terminal PALLD (1:1000, Rachlin & Otey 2006 ) was applied to sections. Alexa Fluor-488 anti-rabbit IgG (1:500, Life Technologies) was added with Alexa Fluor-594 phalloidin (1:1000, Life Technologies) for 1 h at room temperature. The images were acquired using a Fluoview FV1000 confocal laser scanning microscope (Olympus America).
Immunohistochemistry
The testes were fixed in 4% PFA overnight at 4 8C and then processed using standard methods. Immunohistochemistry (IHC) was carried out on 5 mm sections as described previously (Niedenberger et al. 2013) . Blocking and antibody dilutions were done in 0.05 M Tris-HCl, 0.15 M NaCl, 0.02% Triton-X-100C1% BSA, pH 7.6. The antibodies were against PALLD C-terminus (1:500, ProteinTech Group, Inc.) and AR (#sc-816, 1:500, Santa Cruz Biotechnology, Inc.). The sections were imaged using a Zeiss Axio Observer A1 (Carl Zeiss Microscopy LLC, Thornwood, NY, USA) and images captured using a Dage XL16C digital camera and Dage Exponent software (Dage-MTI, Michigan City, IN, USA).
RNA isolation and quantitative (q)RT-PCR
Total RNA was isolated from the tissues using Trizol (Life Technologies), according to the manufacturer's instructions.
Briefly, 100 ng of RNA from cultured cells were reverse transcribed and amplified in triplicate using the iScript One-Step RT-PCR Kit with SYBR green on an iQ5 real-time PCR detection system (Bio-Rad Laboratories). The primer pairs were designed to amplify across an intron/exon junction to avoid amplification of genomic DNA. Primer sequences are listed in Table 1 .
Steady-state mRNA levels for commonly used housekeeping genes such as glyceraldehyde 3-phosphate dehydrogenase (Gapdh) and beta actin (Actb) increased in response to serum (Schmittgen & Zakrajsek 2000) ; therefore Ct values were normalized to beta 2 microglobulin (B2m), which changed the least in response to serum. Relative mRNA levels were calculated with the delta-delta Ct (ddCt) method. Student's t-test was used for all statistical analyses, and significant differences are indicated with an asterisk at P!0.05).
Immunoblot analysis
Fifteen microgram of protein were separated on a 10% SDSpolyacrylamide gel before immunoblot analysis using standard methods as described previously (Niedenberger et al. 2013) . The gels were blotted onto PVDF membranes and blocked in 5% nonfat milk in PBS-T. The antibodies used were against C-terminal PALLD (1:1000, ProteinTech Group, Inc.), N-terminal PALLD, (1:1000, Rachlin & Otey 2006) , and ACTB (1:1000, A2066, Sigma).
Results
PALLD localization is dynamic in primary Sertoli cells
We first isolated primary Sertoli cells from the testes at 10 dpp (when PALLD is cytoplasmic) and 18 dpp (when PALLD is nuclear) and maintained them in serum-free culture for up to 4 days to determine whether PALLD retained proper in vivo localization (Fig. 1A) . We carried out indirect immunofluorescence (IIF) and found that PALLD localization was predominantly cytoplasmic at 10 dpp (Fig. 1B, Supplementary Figure S2A , see section on supplementary data given at the end of this article), but was mostly nuclear in Sertoli cells isolated from 18 dpp mice (Fig. 1C, Supplementary Figure S2B) , as was seen in vivo (Niedenberger et al. 2013) . It was previously shown that Sertoli cell morphology and cytoskeletal organization were modified in vitro by the addition of serum to culture media (Hutson et al. 1980) . We tested whether the addition of serum would affect PALLD localization in 18 dpp Sertoli cells and found that PALLD relocated to the cytoplasm in the presence of 10% serum (Fig. 1D, Supplementary Figure S2C) . Conversely, in 10 dpp Sertoli cells, PALLD localization was not significantly affected by the addition of 10% serum. The addition of as little as 1% serum was sufficient to direct PALLD cytoplasmic localization (data not shown). To determine whether removal or addition of serum would change PALLD localization once it was established, we maintained 18 dpp Sertoli cells in serum-free medium for 3 days, then serum-stimulated for 24 h, and found that PALLD relocated from the nucleus to the cytoplasm. We did not, however, observe PALLD nuclear localization in cells that were maintained with serum for 3 days and then serum-starved for 24 h (data not shown). Therefore, in the remainder of this report, we employed primary Sertoli cells isolated from 18 dpp mice to investigate the mechanisms regulating the nuclear and cytoplasmic localization of PALLD and gross changes in the F-actin cytoskeleton were monitored by phalloidin staining (Supplementary Figures S3, S4 and S5, see section on supplementary data given at the end of this article).
The addition of serum elevates Palld mRNA and protein levels
We investigated whether increased expression of PALLD might underlie its dramatic nuclear relocalization. We found that the addition of serum caused a small but statistically significant increase (PZ0.027) in mRNA levels for the 140 kDa Palld isoform (Fig. 1E) , which is the predominant isoform in Sertoli cells (Niedenberger et al. 2013 ). This was accompanied by a small increase in the level of PALLD protein (Fig. 1F ). The addition of serum to cultured cells has been reported to increase the abundance of most housekeeping mRNAs, including Actb and Gapdh (Schmittgen & Zakrajsek 2000) . In accordance with this, we saw increased levels for beta actin (Actb)ZC1.8-fold (PZ0.004). In contrast, mRNAs encoding markers of differentiated Sertoli cells showed no change (Vcl, PZ0.273) or decreased in response to serum, including FBJ osteosarcoma oncogene (Fos)ZK3.4-fold (PZ0.0003), and transferrin (Trf)ZK3.8-fold (PZ0.000001) (Chaudhary et al. 1996 , Gineitis & Treisman 2001 Fig. 2 ).
PALLD localization is dependent upon XPO1
A leucine-rich (LxLxxxL) putative nuclear export signal (NES) resides at the extreme C-terminus of PALLD (la Cour et al. 2004) . The NES of target proteins is bound by exportin 1 (XPO1, previously CRM1), which directs their exit from the nucleus (Kutay & Guttinger 2005) . We previously found that deletion of C-terminal sequence containing the NES resulted in nuclear localization of GFP-PALLD expression constructs in the TM4 Sertoli cell line (Niedenberger et al. 2013) . We tested whether shuttling of endogenous PALLD occurred in primary Sertoli cells by treating serum-stimulated cells with leptomycin B, a specific inhibitor of XPO1. As early as 1 h after treatment with leptomycin B, PALLD became predominantly nuclear (Fig. 3B) , and this was enhanced by 7 h (Fig. 3C) .
Depolymerization of the F-actin cytoskeleton results in PALLD nuclear localization
Addition of serum to cells in culture stimulates polymerization of the F-actin cytoskeleton, including in primary Sertoli cells (Hutson et al. 1980) . Accordingly, the phalloidin-labeled Sertoli F-actin cytoskeleton appeared less robust in serum-free culture. We treated primary Sertoli cells with cytochalasin D and latrunculin B, two drugs which cause rapid depolymerization of the F-actin cytoskeleton (Brenner & Korn 1979 , Brown & Spudich 1979 , Lin & Lin 1979 , Flanagan & Lin 1980 , MacLean-Fletcher & Pollard 1980 , Spector et al. 1983 . In Sertoli cells maintained in serum-containing medium, PALLD rapidly relocalized to nuclei following the addition of cytochalasin D (Fig. 4B ) or latrunculin B (Fig. 4C) , coinciding with breakdown of the F-actin cytoskeleton as assessed by phalloidin staining.
cAMP and Rho signaling regulate PALLD nuclear localization in vitro
The Sertoli cell cytoskeleton undergoes substantial changes during the prepubertal period, with the creation of unique and highly specialized actin-rich basal and apical ES structures . Addition of cAMP to Sertoli cells in culture profoundly affected cellular morphology and the cytoskeleton , Hutson 1978 , Hutson et al. 1980 , and the addition of serum blocked these effects ). Therefore, we tested whether localization of PALLD, as a dominant modulator of the F-actin cytoskeleton, was affected in response to elevated cAMP levels using two approaches. We treated serum-stimulated Sertoli cells with 8-bromo-cAMP, a stable analog resistant to phosphodiesterase degradation, and forskolin, which stimulate adenylyl cyclase activity. PALLD relocates to the nucleus within 24 h in serum-stimulated Sertoli cells in response to both (Miralles et al. 2003) . We therefore tested whether inactivation of Rho signaling directed PALLD nuclear localization. We treated serum-stimulated primary Sertoli cells with the specific Rho inhibitor C3-transferase, and PALLD relocated to the nucleus within 24 h (Fig. 4F) .
Gonadotropin signaling regulates PALLD nuclear localization in vivo
Several studies uncovered the roles of hormone signaling in remodeling the Sertoli cell cytoskeleton in vivo (Muffly et al. 1993 , Allan & Handelsman 2005 . We tested whether PALLD nuclear localization depended upon gonadotropin signaling in vivo in Hpg-mutant mice, which have a spontaneous mutation in the gonadotropin-releasing hormone (Gnrh1) gene. Male Hpg mice are infertile, with dramatically reduced levels of FSH and luteinizing hormone (LH) and small testes (Cattanach et al. 1977 , Mason et al. 1986 . In contrast to the robust nuclear PALLD localization that we found in adult WT testes (Fig. 5A , Niedenberger et al. 2013) , only a subset of immature-appearing Sertoli cells in Hpg mutants displayed faint nuclear PALLD staining, with many having no detectable PALLD (Fig. 5B and C) . As GNRH1 stimulates the anterior pituitary to release LH and FSH, this suggests that impaired signaling through LH or FSH decreased nuclear localization in vivo.
PALLD nuclear localization is not dependent upon AR, but is reduced in Fshb KO testes
We tested the hypothesis that nuclear translocation of AR (downstream of testosterone production by LH) was required for PALLD localization within Sertoli cell nuclei using testes from Sertoli cell Ar knockout (SCARKO) mice (De Gendt et al. 2004 , Zhou et al. 2011 . As expected, AR was not detectable, although it was present in interstitial Leydig cells (Fig. 5D) . In contrast, PALLD was present in all Sertoli cell nuclei in adult SCARKO mice (Fig. 5E) , indicating that the loss of testosterone signaling through AR did not affect nuclear localization of PALLD. However, it is possible that translocation of AR depends on PALLD, rather than the other way around as we originally predicted.
cAMP is one of the most well-studied molecules induced by FSH during pubertal Sertoli cell differentiation in vivo (Walker & Cheng 2005) , which is the time period during which PALLD localization changes from cytoplasmic to nuclear (Niedenberger et al. 2013) . Therefore, we determined whether nuclear localization was affected in the absence of FSH signaling. We carried out IHC with anti-PALLD on sections from Fshb KO mice (Kumar et al. 1997) . Nuclear PALLD was reduced, with localization around the periphery of the nucleus ( Fig. 5E and F). We tested whether FSH would direct PALLD nuclear localization in primary Sertoli cells from 10 dpp mice (when it is cytoplasmic). We found that the addition of 0.1 U/ml FSH for 24 h did not affect PALLD nuclear localization, suggesting that other mechanisms are preventing PALLD nuclear localization in immature Sertoli cells.
Discussion
In this study, we demonstrate that nuclear localization of the essential F-actin bundling protein PALLD is regulated by changes in the polymerization status of the actin cytoskeleton. Our results suggest that FSH signaling modulates the nuclear localization of the actin binding protein PALLD in Sertoli cells, and this relationship provides a functional link between hormone signaling, intracellular signaling downstream of cAMP, and Sertoli cell cytoskeletal changes during puberty. It was shown many years ago that addition of serum to primary Sertoli cells resulted in dramatic changes in morphology and cytoskeletal organization (Hutson et al. 1980 ), and we found that it also caused a dramatic relocalization of PALLD from the nucleus to the cytoplasm. Serum contains a complex but poorly defined mixture of macromolecules, nutrients, hormones, and growth factors. Therefore, instead of trying to identify responsible component(s), we focused on the fact that serum induces polymerization of the F-actin cytoskeleton. We tested the hypothesis that PALLD relocalization was regulated by the polymerization status of the actin cytoskeleton and showed that depolymerization by latrunculin B and cytochalasin D induced rapid PALLD nuclear localization. Therefore, our results support the model that PALLD is in the cytoplasm in cells with abundant F-actin, and in the nucleus with low F-actin levels. Three positively charged amino acid residues in the third immunoglobulin domain of PALLD were found to direct its F-actin binding and bundling capabilities (Dixon et al. 2008 , Beck et al. 2013 . Although WT recombinant PALLD was detected in the cytoplasm, mutation of these residues (K to A) resulted in dramatic nuclear localization of mutant recombinant PALLD (Beck et al. 2013) . Taken together, these data indicate that, when not bound to F-actin, PALLD migrates into the nucleus. This localization paradigm provides a counterexample to the actin polymerization-directed nuclear localization of the G-actin binding-transcription factors MKL1 (previously MAL and MRTF-A) and MKL2 (previously MRTFB). As the actin cytoskeleton polymerizes, there is reduced G-actin to retain MKL1 and MKL2 in the cytoplasm, and therefore they shuttle into the nucleus (Wang et al. 2002 , Miralles et al. 2003 , Olson & Nordheim 2010 , where they activate transcription in association with serum response factor (Wang et al. 2002 , Miralles et al. 2003 .
These elegant studies involving MKL1 and MKL2 demonstrate that changes in cytoplasmic G:F-actin result in their nuclear localization to ultimately regulate transcription. This provides a mechanism by which the cell can sense and respond to cytoplasmic changes at the level of gene expression. We envision a similar scenario for PALLD, whose localization is regulated in a reciprocal manner. There is precedence for a role of PALLD in transcription, as other studies have shown that PALLD also partially localizes to the nucleus in certain cell lines (Endlich et al. 2009 , Jin et al. 2010 , where it can bind to transcriptional regulators that influence the patterns of gene expression.
However, others and we have shown that PALLD is present in both Sertoli cell nuclei and the cytoplasmic F-actin-rich structures that are alternately formed and disassembled at precise points during the cycle of the seminiferous epithelium (Niedenberger et al. 2013 , Qian et al. 2013 . The change in the intracellular localization of PALLD temporally accompanies the development of the ES structures described earlier, suggesting an important role for PALLD in F-actin cytoskeletal rearrangements during Sertoli cell development. It likely that the appearance of specialized F-actin cytoskeletal structures (BTB at puberty, and apical ES later) shifts cytoplasmic F:G-actin ratios, resulting in the redirection of PALLD into the nucleus. Alternatively, this shuttling mechanism may function to reduce cytoplasmic levels of PALLD, a dominant regulator of the cytoskeleton, as the F-actin cytoskeleton changes during Sertoli cell development. It has been shown that transfection of excess PALLD into cells results in dramatic changes in the cytoskeleton, with the formation of robust cable-like and stellate actin arrays (Rachlin & Otey 2006) . Therefore, PALLD may play multiple roles in Sertoli cells by regulating transcription and ES formation, and may also provide a signal to the nucleus as to the status of the F-actin cytoskeleton. We found that PALLD nuclear localization was impaired in Sertoli cells in Hpg mice, which indicates that it was at least indirectly affected by either LH or FSH signaling. The major role of LH in the testis is to direct the production of testosterone by interstitial Leydig cells. In Sertoli cells, testosterone binding to the androgen receptor (AR) mediates its nuclear translocation (Bremner et al. 1994) , which occurs in a similar developmental pattern to PALLD (Niedenberger et al. 2013) . As mentioned previously, this nuclear translocation was facilitated through an interaction with another F-actinbinding protein, filamin A (Ozanne et al. 2000 , Loy et al. 2003 . Therefore, this association seemed to be a likely mechanism for directing PALLD nuclear localization. However, we did not see any difference in SCARKO testes, indicating that PALLD localization does not depend upon AR, although the converse may be true. Our results do, however, suggest a role for FSH signaling in the nuclear localization of PALLD, and there have been a number of reports supporting a link between FSH signaling and cytoskeletal regulation. Cultured primary Sertoli cells from 20 dpp rats undergo significant morphological changes in response to FSH, but not other hormones such as insulin, LH, growth hormone, testosterone, or estradiol (Hutson 1978) . FSH signaling is required for qualitatively and quantitatively normal fertility (Allan et al. 2004 , Walker & Cheng 2005 , and it stimulates adenylate cyclase in Sertoli cells to increase intracellular cAMP levels (Murad et al. 1969 , Kuehl et al. 1970 , Dorrington et al. 1972 , Means & Vaitukaitis 1972 , Bhalla & Reichert 1974 . The addition of FSH to rats receiving GNRH immunogen (reducing testosterone and FSH) increased actin-containing ES and adherens junctions (Sluka et al. 2006) . FSH also induced elongated cytoplasmic extensions resembling the arbor-like cytoplasmic processes of differentiated Sertoli cells in vivo , Hutson 1978 , Hutson & Stocco 1978 , and it regulated proper localization of actin, espin, and vimentin (Sluka et al. 2006) . We also found that increased cAMP resulted in robust nuclear localization of PALLD, and this effect was likely mediated by Rho activation.
In conclusion, the differentiating Sertoli cell population provides an excellent model system to investigate the functions of nuclear-localized actinbinding proteins such as PALLD in a relevant developmental context. We have used a combination of primary cell culture and tissues from mutant mice to explore the mechanisms regulating nuclear localization of PALLD. Our current model is that FSH-induced organization of the Sertoli cell cytoskeleton resulting in the formation of discrete F-actin-containing structures results in a reduction in the overall F-actin cytoskeleton, which in turn directs the nuclear localization of PALLD. Future experiments will test these complex interactions and investigate the specific role of nuclear PALLD.
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